It is common experience that our eyes do not perceive significant changes in color when we observe for long time an object continuously exposed to light. We always see plants to be green in summer until in autumn factors external to our vision, such as changes in the length of daylight and temperature, cause the break-down of chlorophyll and, in turn, spectacular changes in plant's colors. Likewise, the photocurrent produced in solar panels or field effect transistors achieves a steady state magnitude shortly after the start of the illumination. The steady state photocurrent lasts until the illumination stops. Understanding the origin of the steady state response of a device or light harvesting (LH) system to illumination with electromagnetic (EM) waves motivates the research presented in this work. In our experiments, we used capacitors as LH systems and illuminated them with infrared (IR) light over an 80 hours time period. We investigated the interaction between light and matter by monitoring versus time the voltage output of the capacitors. By combining modeling and experimental observations, we concluded that the steady state voltage is established soon after the start of the illumination as the consequence of the law of conservation of energy. We also found that the magnitude of the voltage in the steady state depends on the power and period of the illuminating IR light, and on the capacitance of the capacitor. When light's power undergoes fluctuations, also the voltage produced by the capacitor and the surface charge density on the capacitors do so. These findings suggest that the law of conservation of energy has a significant repercussion when light is absorbed by matter in the steady state, for example in the mechanism of vision in vertebrates. Likewise, these findings are true when light is emitted from matter, for example in the mechanism of formation of the Cosmic Microwave Background (CMB).
Introduction
Is exposure time important in light-matter interaction? The question arises naturally when considering light as a wave. In this case, the energy transferred to matter is P t ∆ , where t ∆ is a time interval [1] . The average power 2 P ∝ E , where E is the wave's electric field, can easily be measured with a power sensor. Therefore, because of the dependence on t ∆ of the transferred energy, when matter is exposed to light, two scenarios might occur: in the first scenario, the energy transferred from light to matter increases with time. In the second scenario, the energy transferred from light to matter reaches a steady state. By exploring the first scenario, we unveil outstanding consequences. One is that a prolonged and continuous exposure of a field effect transistor (FET) to light would increase with time the magnitude of the produced photocurrent. Another consequence is that the passing of time would change all year long the color of plants exposed to light, not just in autumn when chlorophyll breaks down due to the shortening of daylight and to temperature decrease. An additional consequence is that prolonged exposure to solar light of the photoreceptor cells (rods, cones and photosentitive retinal ganglion cells) in vertebrate's eyes would increase the magnitude of the action potential V ap produced in the process enabling vision. This increase would be such that 2 ap P t V ∆ ∝ [1] . A further consequence would be the increase with exposure time t ∆ of a rotation rate rot ρ such that could occur to a support plate in a microwave oven irradiated by microwaves [1] .
As a final consequence, we mention that the frequency CMB ν of the cosmic microwave background (CMB) radiation would increase with time after its initial emission since 2 CMB t ν
∆ ∝
, as we will discuss elsewhere. Considering experimental results, however, leads to conclusions different than those just described. For example, Sarker et al. [2] suggest that photocurrent production in FETs reaches a steady state rather than indefinitely increasing with time. Our own experience indicates that no significant changes in color occur in plants in the three-month summer period, until in autumn the significant and steady variations in temperature and daylight change this trend. In general, from our own experience of vision, we know that colors remain steady unless something happens in the environment. Thus, we must admit that a drift in the magnitude of the action potential V ap with time of exposure to light of the photoreceptor cells does not occur. We can explain this fact either by assuming that V ap reaches a steady state upon hyperpolarization of the photoreceptor cells, or via other phenomena, such as thermal energy dissipation or mechanical motion, arising to keep V ap constant. We will show elsewhere that the steady state value of the action potential V ap upon hyperpolarization is the result of the evo- [5] . These experimental evidences strongly suggest that with time the energy transferred from light to matter reaches a steady state in agreement with the second scenario.
In this work, we embrace the second scenario and show that achieving a steady state illumination (ssi) follows from the description of light-matter interaction through the law of conservation of energy. To achieve this conclusion, we study experimentally and through modeling the magnitude of the voltage ( ) [7] . The importance of these findings is that they help understanding several natural phenomena such as the generation of the CMB and the mechanism of vision in vertebrates that we will discuss elsewhere.
Experimental Set-Up
Capacitors: We studied the interaction of IR light with matter through the vol- [7] . To change the capacitance C of the capacitor we combined the capacitors in series or added a layer of insulating tape (IT) on the face exposed to the IR light. The IT consists of heavy cotton cloth pressure sensitive tape with strong adhesive and tensile properties. In this research we used three specific structures: two capacitors in series with IT as in Figure 1 range between the IR light and the capacitor to achieve the 21.2 μW average power in the FIR range. We monitored versus time t the average power ( ) P t of the IR light in the MIR range using a power-meter sensor Coherent PowerMax RS PS19, sensitive to the 300 -11,000 nm wavelength range and to the 100 μW to 1 W power range. 
Results
To investigate the magnitude of the voltage versus time 
T t ∆
, the surface charge ( ) q t and the surface charge density ( )
In particular, the experimentally observable ( ) ( ) 
Model
To determine 1) the magnitude of ssi V , 2) the surface charge density ( ) t σ , and 3) the mechanism that transfers to ( ) V t the fluctuations of ( ) P t , we use the law of conservation of energy [1] : 
In Figure 3 , we display the voltage ( ) V t modeled from Equation (3) suggests that the law of conservation of energy in Equation (2) 2) Determining the surface charge density variation in time,
( ) t σ
To determine the surface charge ( ) q t and the surface charge density ( ) t σ in the ssi we proceed as in Ref. [1] , which addressed the same issue in the EPR.
In the ssi, as in the EPR, the average power , where i is the imaginary unit [1] . In the EPR the average power ( ) P t increases exponentially until it achieves the value ssi P selected for the measurement [1] . In the ssi, however, ( ) P t sinusoidally oscillates around ssi P due to the operation of the Q301 globar source affected by the temperature fluctuations of the closed sample compartment, as described in Ref. [6] . We expect the oscillations of ( ) P t to be reflected on the World Journal of Condensed Matter Physics behavior of the charge density
The behavior of the average power is thus:
where osc P is the amplitude of the sinusoidal oscillations. The critical time of the power cP t is the point in time in which ( ) P t reaches ssi P , while P H is the amount of time necessary to move ( ) P t from ssi P to the crest or the trough of the sinusoidal oscillation, practically 1 4 of its period [6] . According to the prediction that the surface charge density on the capacitor decreases as
under the illumination of the IR light, we expect that 
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Here, 
Equation (6) suggests that the sinusoidal instability in the average power ( ) P t produces a hyperbolic instability in ( ) , in Equation (6) we write the spatial variables as follows: With these variables, in the ssi we integrate Equation (6) over A and obtain:
To solve the integrals in Equation (7) we make a substitution of the variables such that
, and
, and 
To know the value of ( ) Figure 3 , is remarkable: it highlights the effectiveness of our model for the charge density ( ) t σ in the ssi based on the law of conservation of energy in Equation (2) . The magnitude of ( ) q t is of the order of fC (femto-Coulomb) [7] . In Figure 5 , we used Equation (9) . In Figure 5 we clearly observe the periodic oscillations of ( ) t σ mixed with non-periodic functions. The interaction between the periodic and non-periodic functions makes the evolution of ( ) t σ very complex. In particular, we note an increase with time of the density of the oscillations over the capacitor area.
Conclusion
Capacitors respond to electromagnetic waves producing a voltage. The voltage rapidly achieves a steady state value which we derive from the law of conservation of energy. This result is important because it enables the estimation of the 
